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NOTES AND 
FORMATION OF HAILSTONES. 

A recent letter from Mr. William M. Taylor, a t  Guthrie, Okla., 
forwarded by Section Director C. &I. Strong, describes a thun- 
der ancl hailstorm as follows: 

I n  the spring o f  1868, a t  Arlington. Okla., 1 had the pleabure of 01)- 
serving a hevere electrical and hailrtorm. From 4 t i o  5 p. 111. there \\as 
it vontinuous Hashing of lightning, mostly forlir(lq a i t l i  \cry little tliuii- 
der. Ahl i t  6 1’. m. it wnluren~wl to hail; 
and llefore the hail began to fall it riniililiiig 
clashing together. The firbt hail that fell 
1)irdb’ eggs, but as the stnrtii ailranvP4I they grew larger. iuitil ~lonie o f  
them crashed through the roof o f  the hi itel ani1 otlirr Iiuildings 
ing the roof of my &hoIt i wab vovrreil mith tlircr tliivku 
oak boaids and hat1 a sl m e  in filur. I exniiiinell herrral 
hail+toneb; one o f  thrln 
weighed by n frienil an41 wei 

u;: it. Thr  iw\t liirg 
\%\.lite iw,  a1141 (111 t l i d  it C I I : L ~  of 
hntl aclilitionnl doul,lr caiat% ( i f  

Although i t  has long been known that large hailstones are 
formed of concentric lnyers of clear ice and snowy ice, a n d  
although Espy ancl Ferrel long since plausibly explainecl this 
concentric formation on the ahsuiii1)tion that  the liailstones 
were carried alteriiately from tlir altitude called L L  rain staKe ” 
through the layer called 6’ hail stage ’’ into tlie upper layer 
known as the *‘ snow stage ’* and lmck again, several time.;, 
we have not yet attainecl to wliat niay be called a lberfect 
demonstration of the t ruth of this very 1)lausil)le hypothehis. 
In Ferrel’s Recent Ad\ aiices (Washington, 1Rs5). ant1 else- 
where, he has given some drawings illustrating his idea on the 
subject. His clrawing on page 31)D apl’ears to suggest that 
hailstones of the larger size imp 1)e carried fro111 the height of 
2000 meters L I ~  to SO00 an1 bnck again over and over, until they 
hare acquired a number of concentric coatings of ice and snow, 
but this is an extreme case and quite unnecessary. The beau- 
tiful graphic methods of Herz am1 1011 Eezold, ancl the inore 
elaborate taldes pu1)lished by Professor Bigelow, or the new 
diagrams published by NenhoiY. show that  for any given con- 
dition of the atmosphere the so-called hail stage, in n liich rain- 
drops are freezing into ice, occupies only a thin horizontal 
layer somewhere in the midst of an orclinary C L I ~ ~ U ~ U S  c*loud, 
and this layer is a t  the most only a few hundred meters thick. 
Therefore, :t hailstone need only go u p  and down r e r t i t d y  a 
few hundred meters, in order to receive a layer of snow or 
white ice, and clown again a few hundred meters in order to 
acquire a layer of ci~lcl water. This vertical oscillation neecl 
not be representecl by a curre like dH, followecl by the direct 
fall to the ground I;(‘, Init rather resenildes a curve, -Y17Z 
such as ~voulcl 1)e (1escril)eil by a particle clrann in from a great 
clistance outhide of the storin a t  S and graclunlly ascending 
into the interior of the cumulus cloud at  1- before i t  is lwoiiylit 
to the ground :it 2 by its increasing weight. The altitude a t  
which the hail stage occurs depeiiils upon the temperature and 
humidity of the air, mil is solnewhat higher in the interior of 
the cloud than at its esterior, as represented by the strittuiii 
HH in fig. 1. 

c I 
FIG. 1-Furiiiatiun of hailstones. 

EXTRACTS. 
WEATHER BUREAU MEN AS INSTRUCTORS. 

Prof. Henry J. Cos, in charge a t  Chicago, states that classes 
in physiography in the schools of Chicago and vicinity fre- 
quently visit the ofice of the Weather Bureau. Fourteen such 
visits occurred during 1903. One of these classes wm from 
the University of Chicago, another, a class in physics, from 
tlie Young Men’s Christian Association Technical School, and 
the remainder were froin the high schools and normal schools 
of C’hicago. On each occasion a lecture was delivered, either 
l>y Professor Cos  or by one of his assistants, upon the working 
of  the Weather Bureau instruments, the methods employed in 
forecnsting, etc. 

(.)n December 16, 1903, RIr. D. A. Seeley, Observer, lectured 
1)efore the Oaltlancl C’iilture Club a t  one of its regular monthly 
meetings on Rleteorology and Weather Forecasting.” 

RIr. Weston &I. Fulton. Local Forecaster, reports the delivery 
of a lecture a t  C’liattaiiooga, Tenn., on Deceinber It;. Between 
4000 ant1 2500 persons were present, nncl considerable interest 
wzs iiiniiifestetl in tlie subject. 

RIr. J. E. Weeks, Obser\ er. Weather Eureau. Macon, Ga., 
cleliverecl the first of a series of lectures December 23 before 
the studleiits of the (heshnili High School on “ The Weather 
nntl the Weather Ihiretzu.” 

METEOROLOGY AND THE ART OF FLYING, 

During the past four years a series of most interesting es- 
periiuents have been going on on the coast of Dare County, 
N. t’., not far from the Weather Bureau station at  Kittyhawk. 
Here tlie brotherh, Wilbur ancl Orville Wright, of Dayton, 
Ohio, hare established a canip and d l  the necessary apparatus 
for erperiinents in what is knonn its gliding flight. The appa- 
mtuh, which is a form of aerol)laue, is lnuiiched from the sum- 
mit of a sand hill. and after making a long glide finally comes 
to rest 011 the sands below. After hereral years of experience 
and careful study of the currents and winds that blow over 
the sand hills, the RIessrs. Wright have applied niotor machin- 
ery to their aeroplanes. Tlieir success is undoubtedly clue in 
great part to the preliiuiiiary carefiil study of the winds, and 
for tliih reason, although iuachiiiery is essential, j e t  we con- 
sider that ineteorolog) also has played an important part in 
their work. Their lnteht oflicial announceiiient is that on De- 
ceiuber 17 four flights were made. The wind record a t  Kitty- 
hawk was 24 to 97 miles per hour a t  3 0  feet abore the ground, 
but  at  the flying station i t  was about 33 miles per hour at  4 
feet abore grouncl. These flights were macle from the level 
g r o ~ i i d ,  against the wind, with no assistance from gravity: 
after n liorizontal ruii of 40 feet the aeroplane rose with the 
operator on a very gentle incline to a height of H or 10 feet 
from the ground, after which the course mas kept as nearly 
hvrizoiital as the mind gusts aiicl the limited skill of the opera- 
tor nould permit, ani1 the flyer nmle its way forward with a 
bpeec1 of 10 miles per hour over the ground, or 30 to 35 miles 
~ J W  liour relative to the air. The fourth flight occupied 59 
seconds and the machine f ew through a distance of 852 feet 
over the grouacl, or about three times that distance relative to 
the wiiic1; i t  landed earlier than was necessary, owing to a 
slight error of juclgment on the part of operator. 

Tlie RIeshrs. Wright state: 
I t  Iiaal not I ~ r u  our  intention to makt. any detailed public statement 

in:: thv Ijri\nte trial5 of  our powrr ‘.Flyer‘’ ou the 17th uf Decem- 
: ) J i l t  bing.e tlir VoIlteUth o f  a privntt. trlrgram, announcing to our 

folk* a t  lion~e the bllCl‘e5h of ciiir trial*. was tlishonrstly communicated 
to  newspaper iiien at the Noifiilk office, ani1 led to the iriiposition upon 
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the public by persons who never saw the "Flyer" or its flights, of a 
fictitious story incorrect in almost every detail; and since this htnry, 
together with several pretended interviews or statements, whic.11 were 
fakes pure and simple, has been very widely disseniinated. me frlt ini- 
pellet1 to make some corrections. The real facts were as above. 

THE THERMOPHONE APPLIED TO GEODESY. 

We have several times hail occasion to call attention to 
the coiiveiiient ancl accurate tht.rinoplioiie o f  Meshrs. Henry 
E. Warren niid George C. \\Jliipple, rnlii) nppliecl it first to tlir 
measurement of the temperature of water in lnlres : m c l  after- 
wards to the tenilierature o f  tlie soil. We iiow nlwi call 
attention to its application in  cleteriniiiiiig the teiupernt,ure ( i f  

a base measuring tape, :ts used in geocl . TVe q""tr the 
following froin n recent relmrt by Joliii F ;tyfor(l, 1iuldislied 
as Appendix No. 3 in the Aiinnal Report of the U i i i t d  States 
Coast and Geodetic Survey for 1901: 

Little hac yet lieen pii1Jlislirll i n  rrgaril to tliib 
nolo~y.  Quarterly, *June, 1901, p. 881. It has I I W I  
duriug the last fourteen years by stutleuts of th r  RI 
of Teclruulogy, acting under the tlirri.titin cif Prof. 
theses haviug been written on ilifferrnt pha 

The important feature of t h i b  fortti o f  tali 
obtaining the temperature of the tape. The whole leugtli o f  thr. lOll-  
meter tape ani1 an approsiiimtioly ri1ii;il lruqth of Geriii;i~i-~il~ CLI \I irr 
form two of the arm+ of a Wlieatstiine britlqe. The t u i i  varial~lv ami- 

rl'n :lull (+elll<r (*. 
Whiplile, and is nianufavtoreil tiy E. S Ritc*llie k S ~ ~ U S . ~  

apparatus to use with long menzurinq tapes. 

change of trtnlwrature than (lop? that o f  thr G e r ~ i i a ~ i  si lver .  
The electrical resiztauw o f  tht. +tee1 tape varies tiiibrr raliiilly with n 

Tlir w l i o  
resistance of the tap*. to that o f  thr ( u s iher  ib, tl iprrfore.  a 
re of their teniperatiircs. Or, ui t l  i.ivnt aivui';ii.>. it is :I 
re of the trttlperature nf the talir. pr 1 tlir ckrii iau s i l l  IT i +  

similarly exposeil, so  a+ to have tip1iroxitiiatrly the wiiir teiii1wratiiri~ ti5 

the tape. This ratio is the quan  ieally mt~nsiireil 1 1 )  tlir tli+*riuo- 
phone. The therniophi~ue dial, ( I  liicli i i i i i \ i +  ti liibinter m l i i i . 1 1  ttiili- 
cates tlir position of the miitact 1' regiilntinq tlir tmo v:iiinlil+. a r i i i ~  
of the ),ridge, i5 graduatetl h o  a% to iudii*atc tlie l,+>nilirratiiir i I f  t l i r  talir 
in Fahrenheit degree% 

achuset t z  Ill st i t II tr t;i 
That with tlic thrill 

a11 refineniriit~, iiir:csii i'au l i t ,  ttinilr eveu in 
iiiilly. with n t i i u i . l i  

alics :in41 iiitsrcurial 
daylight, antl when tlie tPnt1ierittiirr 
higher degree of acenratag than is 
tliermometrrs even under good i.oiitl 

PERIODS IN SOLAR RADIATION AND TERRESTRIAL 
TEMPERATURES. 

An important conimuiiicntioii froin Mr. C. (3. Abbot, uf the 
Astrophysical Ohervatory, '' Recent Studies o f  tlie Solar C'on- 
tant of Radiation," is repriatmed in this iiuniber of tlie 3 I o w r H L T  
WEATHER REVIEW. 

It is true that the Editor's article in tlie duierican ,Journal 
of Science, 1870, vol. 750, p. 315, did seeiii to  show tliat the tem- 
peratures observed a t  Hohenpeissenberg, when treated liy a 
purely statistical nietliocl, support the idea that the sun seiitlh 
US less heat a t  the time of tlie sun-spot mxxiiiium nud that 
the climinution auiounts to  about 0.8" E. for 100 units in 
Wolf's relative sun-spot numbers. F o r  a lung time after that 
publication the Editor believecl that i t  iniglit be Iiossible 
to  establish an intimate connection between s o l ~ r  ratlintion 
and solar spots, but  the steady developinent of our lriiowleclge 
of the selective absorption of tlie earth's :$tinosphere has shown 
that  we can not argue by crude statistical inetliocls from ter- 
restrial temperatures up to solar r:tcli:ttioii. We may speak of 
periods and variations in our teinperatnres, bu t  these do not 

1 Mr. Warren writes that it is now niauufa(.tiirril Iiy tlie Liitiiliaril 
Governor Co., of Boston, of which he is superintendent .--ED. 

demonstrate similar periocls in the suii's teinperatnre or in its 
radiations, since unsnspecterl perioclic variations in the earth's 
atmoqihere mag be the cause of tlie variations that we should 
otherwise attribute to the sun itself. 

When we consider the teiiiperature of tlie earth's atmos- 
phere in aut1 of itself, without ahking where the heat comes 
from, we do find slight traces of irregularities that seem some- 
times like regular periods. Bu t  these irregularities and periods 
tlo not iiecessnrily originate in the sun. even thvugli some of 
them do show that  our low teiulierntures come a t  the time of 
s u u - s p t  iiiaxiiua. I t  ih quite as likely that they originate in 
the enrtli's ntiiiusliliere 1 iy the colnbinrd action uf iiloisture, 
n intls, or curreii ts. It is cleiuonstml)ly impossible for any 
period \\lintever to periitaneiitly exist in the earth's atmos- 
phere. W e  iitay liave forcetl perinds. suc.11 as the diurnal ani1 
tlie aniiual, bu t  tliere are 110 natural periocls like those of a 
tuiiiiiK fork. If a sun-spot iieriod is iiianifest anywhere, it is 
either forced niid inniutninecl I J ~  the sini sl'ots. or else it is a 
teiiiprnry phenoiiieiion t l i n t  soon dies away. The mere fact 
tlirtt t81iere is a (leerease of temperature in the Tropics a t  sun- 
spot iunximmii argues notliiiig as  to  a & r e d  relation of cause 
and etYec4 lietivt~en the two phenomena. We hme  on hand a 
collertion uf inontlily cliarts o f  teiiii~erature departures for 
the wliole glolw for several succehsile years, which tend to 
sho\v that tlie til)lm-eiit sun-spot periods in the earth's tem- 
perature are l~iirely local, terrestrial matters, i ~ ~ o r i n g  around 
fr(m one par t  of tlie n-orlil to the other, just as do our 
clrnnglits and our  rniiis. c ) u r  1)aruilietric wares, ancl our coli1 
mares. \Ye liave an nnnltigy in the movenient of an oceanic 
earth(lu:cke n n ~ e  01 er  the g l ~ l ~ e ,  going soiuetiines rapidly and 
smuetimes slowly, reflected fruili n continent, exaggerated in 
some mi11 of the ocean. 1)rediing in nares  011 a shore. but  
scarcely felt on an islnucl in inid-ocean, antl filially dying out 
b y  \ irtne of  innumerable interruptions, :LS all forced wares do 
nnless they linppen to be reinftircetl liy n process siniilar to 
tlint of resoiinuce iu sound m:k\-es. 

If in thus slienlciug o f  sun-spot periocls and lunar periods as 
lili3tters of iuiuor iml)ortaiice to iiieteorology w e  hare seemed to 
i1issu:zde allyme froiii s1)enuding liis time in stucly aloug those 
liues, we have done this with n siew. not to discouraging research, 
bu t  to  urging that  attention he gi\ en to more important fields 
of  researcall. If one is sct constitntecl that he can htii(1y nothing 
but  solar aiitl 111n;~r periocls. tlieii let liiin do that, and possibly 
soiiie benefit t(J iiieteorology may result; but  to oiie who has 
auy general nhilitg in research we must urge that he take 
up what may 1)e called the interiial ioeclisnisia of our atmos- 
phere, or the n i o ~  eiiieiits and 1JhenCiKIeIIa that niust occur in a 
complex atmosphere resting on the \-ariegated surface of the 
e:trth uiider the iufluence of a coiibtnnt emanation from the 
~1111. He will fiurl within the atinosphere a series of perioclici- 
ties due to the cliurnnl rutntion and the annual revolution of 
tlie ear th;  mother  series tlw to the dimensions of the globe 
aut1 the iiiass of the atinos;ltliere, and still another series due 
to the variations of land aiicl nnter, rapor, cloud, :tnd rain 
or snow. We woiild h a w  our 1)ebt men iiiiraJe1 this interiial 
iuecliaiiisiii before stuclying the less important and rather 
prcJbleiiintic celestial influelice<. 

- 

SOUTHPORT EXHIBITION OF METEOROLOSICAL 
APPARATUS. 

At the Southpurt iiieetiug of the British dssociation, Augubt, 
1!)0:3, tliere was, as ii<ual, an exhil)itioii of scientific apparatus 
n liich. on tlie preseiit occahiou, referret1 especially to meteor- 
ology and terrestrial mrtguetism. Tlie catalogue of the eshi- 
bition corers 30 pages, and inclncles, among other things, the 
followiiig iteins that will interest tlie uieteorologist on account 
o f  tlieir rarety cir iiuielty: 

1. 4onit ix  t l ie  iw i l i i t i h  fur vJuua. '31. hrptrm1)er 21, 
a u ~ l  Drcriill>l.r 21, lWI1, ancl March 21, l!lIK3. 


